Backgrounds: Cisplatin (CDDP) is a choice of anti-cancer drug for cancer chemotherapy with serious side effects such as nephrotoxicity. It seems that age is an important factor influencing the side effects of CDDP. This study was designed to determine the role of age and gender simultaneously in CDDP induced renal toxicity. Methods: 40 Wistar male and female rats were assigned as 6 groups in 3 different age categories (10, 16, and 20 weeks old). The single dose of CDDP (7.5 mg/kg, ip) was administrated, and a week later measurements were performed. Results: Body weight changes in male (not in female) animals aged 16 and 20 weeks were more than 10 weeks old animals (P<0.05). In male rats, the serum levels of creatinine (Cr) and blood urea nitrogen (BUN), and Cr-clearance in aged 10 weeks, normalized kidney weight (KW) in aged 20 weeks, and serum nitrite, aspartate aminotransferase (AST) and malondialdehyde (MDA) levels and kidney tissue damage score (KTDS) in rats aged 16 weeks were significantly altered (P<0.05). Gender difference in serum level of Cr, BUN and nitrite, and Cr-clearance were observed in animals aged10 weeks (P<0.05).
Introduction
Cisplatin (cis-diamminedichloroplatinum II, CDDP) is one of the most common anti-cancer drug in clinic which is accompanied with side effects of toxicity including nephrotoxicity, hepatotoxicity and ototoxicity. The induced nephrotoxicity is considered as an early drug side effect which limits the CDDP therapy. CDDP induced nephrotoxicity and the protective supplements against this side effect are gender related (Zamani et al., 2016; Ghayyoomi et al., 2015; El-Arabey AA., 2015; Naseem et al., 2015; Aydin et al., 2014; Nematbakhsh et al., 2013a; Nasri H., 2013; Eshraghi-Jazi et al., 2011; Haghigh et al., 2012; Pinches et al., 2012; Stakisaitis et al., 2010) . The exact mechanism is not yet well understood, but it may not be related to female sex hormones Ghasemi et al., 2016) . CDDP reduces glomerular filtration rate (GFR) (Daniel et al., 1997) while, it has been reported that male rats which were subjected to CDDP therapy excreted more sodium than female (Stakisaitis et al., 2010) . On the other hand, Lu et al. reported that CDDP-induced toxicity in renal tubules was not sex-and age-related (Lu et al., 2005) . Although, there are many studies related to sex-difference of CDDP, but the age related difference was less reflected. In this study, the role of age in CDDP induced nephrotoxicity was considered in rat model in connection with each gender. 
Materials and Methods
40 Wistar male and female rats (purchased from Animal Center, Isfahan University of Medical Sciences, Isfahan, Iran, 231 ± 9.9 g) were assigned as 6 groups in 3 different categories of ages. The animals were kept under standard conditions and were fed with rat chow and water. All experiments were approved by the Isfahan University of Medical Sciences Ethics Committee. The experimental groups were as following:
Groups 1 (male, 219.7 ± 4.5 g, n=8 ) and 4 (female,169.0 ± 3.6 g, n=8 ): 10 weeks old rats.
Groups 2 (male, 292.0 ± 6.7 g, n=6 ) and 5 (female,176.2 ± 4.8 g, n=6 ): 16 weeks old rats.
Groups 3 (male, 348.2 ± 10.3 g, n=6 ) and 6 (female,193.8 ± 5.5 g, n=6 ): 20 weeks old rats.
The rats from all the groups received CDDP (7.5 mg/kg, ip, Mylan Pharmaceuticals, Inc) as a single dose, and one week later they were anesthetized with urethane (1.5 g/kg) and after abdominal incision a catheter was inserted in the bladder to collect the urine for 3 hours. Then blood sample from each rat was obtained, after sacrificing, kidneys were removed and weighted rapidly. The serum levels of creatinine (Cr) blood urea nitrogen (BUN), aspartate aminotransferase (AST), Alkaline phosphatase (ALP) and urine Cr level were determined using the quantitative diagnostic kits (Pars Azmoon, Iran).
The serum levels of malondialdehyde (MDA) and nitrite (Griess Method) were quantified according to the manual methodology. The left kidney was fixed in 10% neutral formalin solution and was embedded in paraffin for the histopathological staining. The hematoxylin and eosin, staining was applied to examine the tubular damages. The tubular lesions were scored from 1 to 4 (in the form of a parameter named as kidney tissue damage score, KTDS) while the score of zero was assigned to normal tubules without damage. The Cr clearance was calculated based on renal clearance formula.
Data are presented as mean ± SEM. Analysis of variance (ANOVA) followed by LSD as the post hoc was applied to compare quantitative data between the groups, and the Student t-test was used to compare the data between genders. The Kruskal-Wallis and Mann-Whitney U tests were employed to compare the KTDS between the groups. P values <0.05 were considered statistically significant.
Results
The weight loss/gain induced by CDDP were 4.9±3.2, -15.1±4.9 and -13.5±5.1g in male, and -3.3±3.7, -7.8±4.8 and -8.8±4.3 g in female, respectively in animal aged 10, 16 and 20 weeks. The weight change in 16 and 20 weeks old male (not female) rats were significantly different from younger one (P<0.05). The serum levels of Cr and BUN, and Cr-clearance in male rats aged 10 weeks were significantly different from the others older rats, while such observations were not seen in female rats. The net kidney weight (KW) after one week of CDDP therapy were 1.65±0.03, 2.02±0.09 and 2.1±0.15g in male, and 1.36±0.05,1.52±0.06 and 1.49±0.05 in female aged 10, 16 and 20 weeks rats respectively. The KW in 16 and 20 weeks old male (not female) rats were significantly different from younger one (P<0.05) and KW was different between sexes in each age category (P<0.05), however different result was obtained when it normalized to body weight ( Figure .1) . The normalized KW in 20 weeks old male (not female) rats was significantly different from younger one (P<0.05). In addition, the normalized KW in male rats treated with CDDP was significantly different from the other gender (P<0.05). The serum nitrite, MDA and AST levels and KTDS in 16 weeks old male rats were statistically different from the rats in two other categories of ages (P<0.05). The results are presented in Figure 1 . Actually both age and gender influenced in CDDP induced side effects.
Discussion
The major findings of this short study indicated that the serum levels of BUN and Cr, and Cr-clearance were age and gender related, and young male animals (10 weeks old) had the lower BUN and Cr and the higher Cr-clearance responses to CDDP administration. Opposite to this finding, it is reported that increased BUN and Cr and KTDS induced by CDDP in male rats were more than in female (Nematbakhsh et al., 2013a) , and possibly the difference was related to age, because in animals aged 16 and 20 weeks, almost the mean values for BUN and Cr and KTDS in male were greater than female rats (Figure 1 ). The higher Cr-clearance in young male rats may reveal the existence of more suitable renal blood flow when compared with the other groups. This result also is in contrast with Winston and Safirstein study that reported the reduction of renal blood flow by CDDP Figure 1 .The Serum Levels of BUN, Cr, Nitrite, MDA, AST and ALT, and KW and KTDS in the Experimental Groups. * represent for significant difference from other age groups in similar gender (P<0.05) and # represent significant difference from male in similar group (comparison between males and females in each age range) (P<0.05). (Winston and Safirstein, 1985) . In laboratory, usually adult rats (> 11 weeks old) use for animal research, and therefore the impact of age may be ignored. Nitrite and MDA alterations responses to CDDP administration were different, and they were increased in 16 weeks old rats. Nitrite increase in adult rats treated with CDDP was reported previously (Nematbakhsh et al., 2013b) , and also it was considered also gender related (Taskiran et al., 1997; Watanabe et al., 2000; Ahmed et al., 2007) . The liver enzymes also act differently in different ages and gender. However, there is no exact interpretation for it.
As a conclusion, cancer is a major problem in today's society, especially at an early age in both male and female, and CDDP as anti-cancer is one of the choice by clinician for chemotherapy. Using CDDP to treat cancer in different genders and ages may be associated with different side effects (Nematbakhsh et al., 2017) . Therefore, the side effects of this medication need to be assessed in different categories of ages for both sexes, and clinical trials studies for this subject are suggested.
